Generally, the on-line identification of holes or cracks in a structure is a pressing task of non-destructive identification. In this paper, the method used is different from that generally studied previously: the detectors of the inverse problem are the static strains simply measured by strain gauges, and the system of on-line identification is accomplished through an artificial neural network (ANN). It is more and more feasible and accurate to on-line measure the static strains by applying highly developed smart materials. To express the complex relationship between the strains and the parameters of holes or cracks, a network of ANN with two hidden layers is designed. Not only the size but also the location and orientation of a hole/crack in a composite plate can be identified on-line. The weights and thresholds in the networks can be updated based upon the well-trained values if new training data are added. Consequently, the training time will be saved. To perform the optimal learning efficiency and accuracy, many numerical results are provided in this paper.
Introduction
According to the definition provided by the study of psychology, learning is behaviour transformation due to the accumulation of experience. Memory allows a certain behaviour to exist after the original prompted stimulus ceases. An artificial neural network [1] is a tool with the ability to learn and memorize. Similar to an experienced animal with short and irregular antennae, an artificial neural network can record the experience in the antennae through weights. The test result of an artificial neural network is evident when the learning procedures are ended. An artificial neural network has the advantage of achieving the on-line and real-time identification which nonlinear optimization is not able to perform [2] . According to Kolmogorov's mapping theorem [3] , any continuous function with m to n dimensional mapping could be mapped exactly by a three-layer feedforward neural network. The task of this paper is simulating the nonlinear relationship between the measured strains and the size, location and orientation of a hole or crack. This problem considers the mapping relation with m dimensions (the number of measured strains) to n dimensions (the variable number of size, location and orientation of a hole or crack) and back propagation neural networks (BPNs) which are well known. Basically, BPNs offer 3 Author to whom correspondence should be addressed. three stages to deal with the inverse problem. The three stages are as follows. The application of an artificial neural network to hole/crack identification can be found in [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . However, very few of them used static deformation as input data [17, 18] , which may be due to the localized characteristics of cracks 0964-1726/01/040599+11$30.00 © 2001 IOP Publishing Ltd Printed in the UK
